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Praxis-5 
Inventor: Michael Milbocker 

In Situ Bonds 

Background of the Invention 

Field of the Invention 

This invention relates to synthetic surgical adhesives/sealants 
and tissue bonds created by reacting the adhesive with living 
mammalian tissue, and more specifically, to a tissue cross-linking 
pre-polymer for the purpose of forming a tissue crosslinked bond. 
This application is a co-pending application with commonly assigned 
co-pending U.S. Patent Application Serial No. 09/676,851 filed 29 
September 2000, and incorporated herein by reference in its entirety. 

Prior Art 

U.S. Patent No. 4,806,614, Matsuda et al describes a method 
for surgical bonding of tissue, which comprises applying thereto a 
surgical adhesive consisting essentially of at least one NCO- 
terminated hydrophilic urethane prepolymer, derived from at least one 
organic polyisocyanate and a polyo! component comprising at least 
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one hydrophilic polyether polyol having an oxyethylene content of at 
least 30%. 

In the present invention, the hydrogen peroxide pretreatment is 
replaced with an organic polyisocyanate treatment. The treatment is 
achieved when excess polyisocyanate is added to the prepolymer. 
This modification creates a 1-part formulation that bonds tissue upon 
contact. This excess is critical, compositions without free 
JJ polyisocyanate form mechanical rather than covalent bonds that are 

M 
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p susceptible to swell and differential motion between tissue and the 

[J cured adhesive. Therefore, U.S. Patent No. 4,806,614 does not 

■ 

I* achieve a covalent bond with tissue. 

ru 
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\* The triol nature of the adhesive is also very important. Surgical 

adhesives without trifunctional or branched structure will not bond 
tissue. This feature is not taught in U.S. Patent No. 4,806,614. 

The formation of a hydrated bond is critical in surgical 
environments. Most polyurethane prepolymers, and in particular 
those taught in U.S. Patent No. 4,806,614, will not form hydrogels 
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due to the lack of the use of a Afunctional additive in the reaction 
mix. We have found that polyurethane prepolymers that do not form 
hydrogels do not make strong bonds to tissue, and cross link 
internally rather than bonding to tissue. 



The examples of U.S. Patent No. 4,806,614 site p-phenylene 
diisocyanate, which is not reactive enough to form strong tissue 
bonds. Those with TDI (Toluene Diisocyanate) do not have the 
§ proper PEO/PPO (polyethylene oxide/polypropylene oxide) ratio to 

ru 

p form hydrogels. The examples given and the text illustrate that a 

W 

jjj hydrogel formation was not a goal of U.S. Patent No. 4,806,614. U.S. 

£ 

H» Patent No. 4,806,614 does not teach formation of a hydrogel with 30- 

jfU 

jjj 90% water. Devices of the type given in U.S. Patent No. 4,806,614 

\* will take up about 1 0% water. 



U.S. Patent No. 4,806,614 does not teach a covalent bond, or 
the necessity of tissue or bodily fluids to bond formation. U.S. Patent 
No. 4,806,614 may disclose the achieving of hemostasis through 
mechanical bonding but this teaching will not achieve useful levels of 
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durability resulting from covalent bonding, nor will the desired level of 
flexibility and biocompatibility be achieved without hydrogel formation. 



Since U.S. Patent No. 4,806,614 refers to addition of cyanoacrylic 



compounds, defined in the text as "cyano groups", this represents a 



further divergence from the object of producing desired "hydrated" 
bonds, particularly since such compounds exclude water. Such 
formulation of this prior art has been found to self-polymerize before 
p forming a bond with tissue. 

O 



The present invention achieves bonding success through the 
orchestration of three polymerization pathways. One, the free 

f y 

is ~ns 

fy polyisocyanate bonds to tissue. The free polyisocyanate bonds first to 
tissue because it is more mobile (lower molecular weight) than the 
NCO terminated polyol. This feature prevents competition between 
bulk polymerization and tissue bonding. Two, the NCO terminated 
polyol bonds to the free polyisocyanate or amine on the tissue 
interface. Three, the NCO terminated polyol bonds amongst itself to 
form bulk adhesive strength and collects remaining unreacted free 
polyisocyanate or polyamine (a safety feature). The polyamine is 
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formed by reaction of polyisocyanate with water. The order of this 
cascade is critical and is determined by 1) the presence of free 
polyisocyanate, 2) the reactivity of the free polyisocyanate, 3) the 
molecular weight of the polyol, 4) the trifunctionality of the polyol, 5) 

protein initiated polymerization and the location of that reaction, and 

6) water initiated polymerization and the diffusion direction of the 
water. None of this is taught in U.S. Patent No. 4,806,614. 

5ij U.S. Pat. No. 5,547,147 (McGrath et al.) describes a process 

i I i 

13 for the formation of poly(secondary amine) comprising units of 

ly 

jjj ##STR6## wherein P.sub.1 represents the repeating unit of a 

N polymer containing olefinic unsaturation which has been 

ru 

1.4, 

jy hydroformylated and reductively aminated. P. sub. 2 represents the 

5" ""a 
tap 

?* repeating unit of the same polymer containing olefinic unsaturation 
having reactive carbon-carbon double bonds. R is selected from the 
group consisting of aliphatic, aromatic, cycloaliphatic, substituted 
aliphatic, aromatic and cycloaliphatic groups and combinations 
thereof, and the ratio of P.sub.1 to P.sub.2 is about 1:99 to about 
90:10. The U.S. Pat. No. 5,547,147 refers to amines of a particular 
structure, and more generally to processes for creating such amines. 



5 



• 



This patent does not teach or relate to tissue bonds. The amines 
formed by the reaction of the adhesive of the present invention with 
tissue which forms the bond, is not taught by the '147 patent since 
the tissue portion of the '147 patent is not a repeating unit polymer 
containing olefinic unsaturation. Furthermore, the amines discussed 
in the '147 patent require the metal catalysts primarily concerned with 
controlling functional density. The hydroformylation reaction is 
conducted under a monoxide/hydrogen atmosphere at a high 
pressure. The processes are not useful in the formation of tissue 
bonds. 

U.S. Pat. No. 5,173,301 (Itoh, Matsuda) relates to prepolymers 
formed of polyester polyol derived from dicarboxylic acid. The 
polyester polyol of this reference will not create a hydrogel, nor a 
suitably flexible polymer. The fluorinated diisocyanate will self- 
polymerize before creating a useful tissue bond; Furthermore, the 
excess polyisocyanate of the present invention is not present. 
Halogens figure prominently in the text, and although they reportedly 
provide enhanced biocompatibility, the present inventor's experience 
with fluorine containing diisocyanates has indicated that they tend to 



transform significantly during storage. In general, the compositions of 
the teachings in the '301 are likely to be unstable and transform 
during both storage and irradiation sterilization. 

One of the primary goals of the '301 was to create a 
biodegradable formulation, but by sacrificing its bond strength. 
Biodegradable formulations are created in the present invention by 
increasing the EO (ethylene oxide) content. 

Example 1 (in the '614 patent) particularly illuminates the 
difficulty in striking a balance between bond effectiveness and 
degradability. A hybrid consisting of a degradable polyol and a PEO- 
PPO polymer is reacted with FHDI, a fluorinated diisocyanate. The 
PEO-PPO polymer provides strength and the polyester component 
provides the points of degradation. 

U.S. Patent No. 4,994,542 (Matsuda et al) is very similar to '614 
except that the fluorinated polyisocyanate as a more biocompatible 
isocyanate is introduced. Claim 2 in particular teaches fluorine- 
containing aliphatic polyisocyanates. 



U.S. Patent No. 5,578,662 (Bennett et al) describes a 
bioabsorbable composition comprising a branched copolymer 
containing a major amount of alkylene oxide units and a minor 
amount of units derived from a bioabsorbable monomer, the 

copolymer being terminated with at least one lysine isocyanate group. 

The '662 focuses on bioabsorbable implantable compositions. It 
mentions its use as a surgical adhesive or a bone putty. It does not 
patent the composition comprising a prepolymer, bodily fluids, and 

§ tissue - all of which are required to form a tissue bond. The text 

fy 

Q defines the type of surgical adhesive: "The cross-linked star polymers 

jl; are useful for example as bone adhesives or bone fillers (p. 5)". 

s 

r References to surgical adhesives are made nowhere else in the body 

ft § 

e yi 

ru of the patent. It does not describe a covalent bond to tissue. It does 

a 

** not discuss the need, or indicate in any claim the presence of free 
polyisocyanate. Furthermore, the compositions disclosed in '662 are 
viscous and better described as "putty". These reasons suggest that 
the compositions are unsuitable as tissue adhesives. 

Furthermore, Claim 1 of the '662 patent is very specific about 
the type of isocyanate to be used although the text is more general. 
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Claim 1 is not particular about the isocyanate being poly-functional, 
although the text discusses difunctional alternatives. The absence of 
a poly-functional specification and the absence of a catalytic 
formation of amine by reaction of free polyiscyanate with water leads 

to the conclusion that Claim 1 of the '662 patent does not relate to 

tissue adhesives, except insofar as being a component. Such a 
composition would have minimal tissue bonding capability. 

[J The type of isocyanate specified in the '062 patent will likely 

ru 

O require a catalyst to be effective as a tissue adhesive. For example, 
!" J in the text it states, "Cross-linking is normally performed by exposing 

£ 

\* the terminated polymer to water in the presence of a catalyst, such as 

fU 

J a tertiary amine". It does not teach in the text nor does it specify in the 
H» claims the use of an excess for polyisocyanate and its interaction with 
body fluids to produce the necessary amine. It is not specified in the 
text or in the claims what fraction of the star molecule's arms are 
terminated. This specification is critical to ensure propagation of 
tissue interpenetrating structures, and in the absence of further 
teaching would favor self-polymerization over crosslinking to tissue 
structures. 
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There is some question as to whether the composition of Claim 
1 is bioabsorbable since the minor component is bioabsorbable, and 
the polyfunctional aspects of the alkylene oxide units may produce 
sufficient cross linking to prevent dissolution of the cured 
composition. The text of the '062 patent teaches away from surgical 
adhesives stating, "It has been discovered that novel polymers in 
accordance with this disclosure can serve as a substrate for cell 
growth. Specifically, star polymers terminated with lysine 
diisocyanate, with or without an induced charge, can be used as a 
cell growth substrate." The text further teaches away from a surgical 
adhesive by citing applications of the composition recited in claim 1 
that are nonfunctional with respect to the isocyanate, "... one or more 
medico-surgically useful substances, e.g., those which accelerate or 
beneficially modify the healing process when particles are applied to 
a surgical repair, can be incorporated into surgical devices made from 
materials described herein The text thus strongly suggests that 
the composition recited is to be used as a delivery device for 
therapeutics in its cured or cross-linked state, not as a tissue 
adhesive. The text also does not link isocyanate reactivity to the 
composition's ability to deliver therapeutics. 
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All of the examples use a catalyst, Sn(Oct) which is toxic and 
not acceptable for use in the manufacture of medical devices. The 
present invention achieves its composition without the use of 
catalysts and specifically teaches away from their use. Furthermore, 

the composition of the '062 patent could not be manufactured without 

the use of these catalysts since the arms of the star molecule would 
likely sterically hinder arm termination by isocyanate. 

§ Finally, the abstract and text of the '062 patent suggests the 

?y 

Q composition taught is fully crosslinked before its use in the body. For 

W 
ill 

\l example, "The star polymers can be terminated with isocyanate, 

M" mixed with a filler and/or cross-linked." It appears that the reference 

[U 

Li of its teachings as a surgical adhesive is restricted to those 

O 

i* substances that are tacky or mechanically adhesive and non- 
functional with respect to the isocyanate. 

In summary, several absorbable compositions are in the public 
domain. For example, U.S. Pat. No. 4,132,839 covers hydroxy 
carboxylic acid based compositions and. U.S. Pat. No. 4,049,592 
covers isocyanate terminated hydroxyester polyol based 
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compositions. These compositions are meant to be included in the 
family of absorbable 1-part adhesives, a subset of the present 
invention when they are composed in the proportions described 
herein. 



It is a primary object of the present invention to provide a tissue 
crosslinking prepolymer which will form a mammalian tissue 
crosslinked bond. 

o 

fl s 

O It is an object of the present invention to provide a 1-part tissue 

iu 

Jf bonding composition that bonds mammalian tissue together in one 
\* step. 

\u 

S It is another object of the present invention to achieve a 

catalytic amine by providing in the 1-part fomulation an excess of free 
polyisocyanate that is transformed to the amine by body fluids. 

It is another object of the present invention to provide a 
prescription and means for the proper form'. of the polyol to be used in 
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the present invention wherein the polyol should be multifunctional or 
branched. 



It is another object of the present invention to provide 
prescriptions for the composition of the polyol that provide for 
hydrogel formation and absorbability. 

It is one primary object of this invention to provide, through the 
composition of the adhesive, a sequence of chemical reactions that 
p will ensure optimal tissue bonding. Namely, free polyisocyanates with 



their lower molecular weight and low viscosity will be present to bond 



\* first to tissue, thereby providing a strong link between tissue and the 

fU 



larger molecular weight of the polyisocyanate capped polyol. Those 
free polyisocyanates that are not bonded to tissue are converted to 
amines by fluids in and surrounding the tissue. These amines migrate 
into the bulk of the adhesive creating first links between the capped 
polyol and polyisocyanates bonded to tissue and second linking arms 
of the capped polyols. 
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It is another primary object of this invention to provide a 
biodegradable tissue adhesive. One novel feature of the present 
invention is that the structure of the adhesive is not broken down. 
Weak crosslinking provides dissolution of the adhesive. The implant 
swells and eventually goes into solution without actual breaking of the 
chemical bonds. 

It is another object of the present invention to provide an 
absorbable tissue adhesive that does not sacrifice strength for 
degradability. 

It is another object of the present invention to provide a 
biocompatible, non-absorbable tissue adhesive that remains 
biocompatible by providing resistance to chemical degradation. 
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Brief Summary of the Invention 
The present invention provides for a 1-part surgical adhesive 
capable of forming covalent bonds to mammalian body tissue and 
capable of forming a hydrogel comprised of body fluids. Successful 

formati on of the tissue bond that is not absorbable requires certain 

unique features: 

1 . The polyol backbone of the present invention is a mixture 
of ethylene oxide and propylene oxide (EO/PO), preferably as a 
| block polyol of between 2,000 and 20,000 MW. The block 

13 structure can be random or regular. The block structure should 

S contain at least 10% PO, preferably 25%. The polyol should be 

i* multifunctional, preferably tri-functional. A tri-functional structure 

fU 

\u can be built by reacting together EO/PO diols of 800-5000 MW 

D 

i* and a tri-functional linking agent such as trimethylol propane. The 

polyol should be liquid at room temperature. Polyols with multiple 
branched structure, such as star molecules, typically will result in 
adhesives which are too viscous. High viscosity prevents optimal 
contact between tissue and adhesive and slows the water curing 
process by impeding diffusion of water into the bulk adhesive. 
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2. The tri-functional polyol is capped with an aromatic 
diisocyanate such as toluene diisocyanate such that 
isocyanate-to-hydroxyl group ratio is greater than 1.5, and 
preferably between 1.5 and 3. Halogen diisocyanates are 

too reactive and produce unstable compositions and poor 

tissue bonding. Weakly reactive diisocyanates, such as 
lysine diisocyanate will not bond quickly to tissue. 

3. The isocyanate concentration in the composition is 
9 preferably between 0.05 and 1.6 milliequivalents per gram in 

iu 

□ order to ensure complete capping of the polyol and to satisfy 

jjj the requirement that an excess of free polyisocyanate be 

3 

I* present in the final composition 

ru 

It Successful formation of a tissue bond that is absorbable requires 

certain unique features: 

1 . All of the above except the polyol is substantially all EO and 
the fraction of polyol that is trifunctional is less than the 
fraction of the polyol that is PO. 



In addition to the enhanced biocompatibility of hydrogel bond 
structures, further improvements in biocompatibility can be achieved 
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by providing an excess aliphatic multi-functional isocyanate to serve 
as a scavenger for trace free amine created during the polymerization 
process. 

Since compositions of the present invention are intended for 
medical use they must have certain properties specific to that 
industry. For example, none of the reactions required to form the 
adhesive should require a metallic catalyst. The final composition 
should have a solid-to-liquid transition temperature below 20 °C. The 
viscosity of the final composition should be less than 20,000 cps, and 
preferably less than 10,000 cps. The final composition should contain 
no solvents or other components that are used only to reduce the 
viscosity of the adhesive. These components are lost to the body in 
the formation of the hydrogel and are not preferred. The pre- 
polymerized composition should be substantially dissolvable in water 
in an adhesive-to-water ratio of 10:1 to 20:1, 

All of the isocyanate functionality in the form of free isocyanate 
and active capped ends of the polyol must be consumed by three 
reactions. Those reactions are: 1) bonds to tissue to activate the 
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tissue, 2) bonds between activated tissue and polyol, and 3) bonds 
between terminated polyol. 

The adhesive composition must be easily applied to tissue, 
requiring that it be 1-part, hydrophilic, useable at room temperature, 
stable during room temperature storage, stable during gamma or 
electron radiation up to 25 kgy. The extent of internal crosslinking 
during radiation sterilization should be less than 25% at 25 kgy. The 
adhesive composition should bond to tissue in less than 120 
seconds. 

Enhanced tissue penetration and faster bonding can be 
achieved by heating the adhesive. In general, chemical reaction rate 
halves with each 10 °C increase in adhesive temperature. 

The present invention also comprises a method of establishing 
an organic hydrogel bond at a situs of living tissue comprising the 
steps of: pre-treating disparate portions of the living tissue with free 
polyisocyanate, body derived fluids, at lease one NCO-terminated 
hydrophilic polyol, derived from an organic polyisocyanate, and 
bonding or sealing the living tissue. The steps preferably occurr as a 
result of contact between present invention and living tissue. 
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Detailed Description of the Invention 
The present invention relates to a 1-part surgical adhesive 
wherein covalent bonds are formed with body tissue and a hydrogel 
is formed of body fluids. However, the vast majority of NCO- 
terminated hydrophilic urethane prepolymers do not form such 
hydrogels. Urethane prepolymers are deemed hydrophilic if they 
incorporate in the urethane structure between 2 and 10% water. Such 

|J prepolymers are not effective as surgical adhesives since they are 

h i 

p not hydrophilic enough and do noot form hydrogels. Such 

IU 

[ J prepolymers, when placed in an environment where the water 

£ 

I* exceeds 10% of the prepolymer volume polymerize internally without 

If. linking to tissue or fail to form a solid. 

h 

Consequently, the majority of hydrophilic polyether polyols can 
be excluded for use in the present invention. In particular, the polyol 
of choice is a tri-functional form of PE/PO block polymer. The ratio of 
PE to PO is critical to the formation of the hydrogel. The PE provides 
the necessary hydrophilic nature, and the PO provides hydrogel 
strength. For example, adhesives formed from pure PE tend to 
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breakdown in the body and swell to 2 to 10 times their original volume 
within several hours. 

Adhesives of highest reliability will be non-absorbable and 
conta i n 10 to 30% PP. Adhesives with greater than 30% PO will not 
form hydrogels comprising greater than 50% water by volume. 

In certain medical applications an absorbable adhesive is 
2 desirable. The rate of absorption can be controlled by adjusting the 
C3 amount of PO, typically about 10% for adhesives with a residence 

w 

i'f time of about 1 -2 weeks. 

ru 

!* Tri-functional PE/PO polyols can be prepared by reacting 

i* PE/PO diols of between 800 and 5,000 MW with a triol. There are 

many suitable triols: triethanolamine, trimethylolpropane, 

trimethyloethane and glycerol. 

In the present invention, the prepared tri-functional PE/PO, between 2 
to 4 hydroxyl groups, is reacted with polyispcyanate. For strong, fast 
tissue bonding, aromatic diisocyanate is preferably used. Toluene 



20 



diisocyanate is a suitable aromatic diisocyanate, and 2,6- 
toluenediisocyanate is preferred. Commercially available mixtures of 
2,4- and 2,6-toluenediisocyanate are suitable, but less biocompatible. 

For adhesive tissue bulking compositions, aliphatic 

diisocyanate is preferably used Isophorone diisocyanate is a 
preferred aliphatic diisocyanate. Absorbable versions of the adhesive 
of the present invention can be formed by using either diisocyanate 

9 type. 

SrtS? 

ru 

ass. 

¥ 

W Enough polyisocyanate must be provided so that the non- 

3 

u polymerized polyisocyanate accounts for less than 5% (v/v) and 
greater than 1% of the adhesive. This excess ensures a covalent 
bond is formed between the adhesive and the body tissue. Other 
adhesives lack excess polyisocyanate and form a bond by infiltrating 
tissue structures and solidifying within these structures forming 
mechanical bonds that can be disrupted by stress and polymer 
swelling. 
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Since the terminated isocyanate and excess isocyanate serve 
two different functions, the polyol may be terminated with a weaker 
reacting isocyanate, such as p-phenylene diisocyanate or lysine 
diisocyanate. However, for the adhesive to bond to tissue effectively 

an excess of TDI (toluene Diisocyanate) or IPDI (Isophorone 

Diisocyanate) or similarly reactive diisocyanate should be added 
secondarily to the capped polyol. In this case, one of the isocyanates 
can be a halogen diisocyanate. 

□ 
O 

fit 

ii Additionally, there may be more than one isocyanate 

!■» 

■a ~z? 

■S terminated polyol. When the more aggressively reactive aromatic 

a 

j* isocyanate terminated polyols polymerize, some of the excess 
m isocyanate may be excluded from the polymerization reaction and 
i* reside as free amines in the formed polymer. If a stoichiometric 
amount of aliphatic isocyanate terminated polyol is present, these will 
not polymerize as aggressively providing greater opportunity for the 
formed aromatic amine to be incorporated in the polymerization 
process by urea addition products. Even if these addition products do 
not incorporate into the bulk polymerized structure, they are 
considerably more biocompatible than free aromatic amines. 
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When a minimal amount of aliphatic terminated polyol in the 1- 
part adhesive composition is desired, the amount is preferably in the 
range 0.01 to 0.05 by volume. More generally, matching the number 
of aliphatic terminated polyol to the number of free isocyanate is 
desired. 

In the application of the adhesive of the present invention to 
body tissue, the adhesive may be applied conventionally with a 
standard syringe fitted with a suitable gauge needle. The syringe can 



P 

o 

O be heated in a warm water bath to further decrease adhesive 
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viscosity. Hemostasis can be achieved by applying the adhesive to a 
suitable substrate such as meshes made of polyester, polypropylene, 
oxidized cellulose, collagen, or like materials. Cured sheets of the 
i* adhesive can be bonded to tissue by applying a thin layer of uncured 
adhesive thereon. Various grafts and tissue anastomoses can be 
sealed and/or joined using the adhesive. The adhesive can coat 
standard sutured anastomoses rendering them hemostatic or the 
adhesive can be used to buttress sutures or mechanical applier 
devices such as staples. The adhesive bonds to any material 
containing water, and will mechanically bond porous or woven 



23 



materials. Applicable tissues include blood vessels, lung, heart, 
esophagus, stomach, and skin. The adhesive can also be used to 
augment tissue my injection into tissue. The adhesive can be used to 
deliver therapeutics such as water soluble drugs, radiation sources, 

and chemo therapies. 

Examples. 

NCO-terminated prepolymers were prepared by mixing each 
deionized, dried polyether polyol with each polyisocyanate and 
reacting them at 60 °C for 6 hours to 3 days. 

Example 1: A tri-functional polyether polyol was formed by 
reacting a PE/PO 80:20 random copolymer having an average MW of 
2600 with BASF Luparnate T80-1 (80:20 2,4- and 2,6- 
toluenediisocyanate) and trimethylolpropane (1-5%) to obtain a NCO- 
terminated hydrophilic prepolymer having a free NCO content of 3%. 

Example 2: A tri-functional polyether polyol was formed by 
reacting a PE/PO 80:20 random copolymer having an average MW of 
2600 with IPDI and trimethylolpropane (1-5%) to obtain a NCO- 
terminated hydrophilic prepolymer having a free NCO content of 

1.5%. 
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Example 3: A tri-functional polyether polyol was formed by 
reacting a PE/PO 80:20 random copolymer having an average MW of 
2600 (30-20%) and polyethylene glycol of 1000 MW (30-50%) with 
IPDI (23-39%) and trimethylolpropane (1-5%) to obtain a NCO- 
terminated hydrophilic prepolymer having a free NCO content of 
1.5%. 

Example 4: A tri-functional polyether polyol was formed by 
reacting a PE/PO 80:20 random copolymer having an average MW of 
2600 (30-20%) and polyethylene glycol of 1000 MW (30-50%) with 
BASF Luparnate T80-1 (80:20 2,4- and 2,6-toluenediisocyanate) (23- 
39%) and trimethylolpropane (1-5%) to obtain a NCO-terminated 
hydrophilic prepolymer having a free NCO content of 1.5%. 

Example 5: A tri-functional polyether polyol was formed by 
reacting a PE/PO 80:20 random copolymer having an average MW of 
2600 (5-10%) and polyethylene glycol of 1000 MW (45-70%) with 
BASF Luparnate T80-1 (80:20 2,4- and 2,6-toluenediisocyanate) (23- 
39%) and trimethylolpropane (1-5%) to obtain a NCO-terminated 
hydrophilic prepolymer having a free NCO content of 1 .5%. 
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Example 6: A tri-functional polyether polyol (marketed as ???) 
Veranol CP 1421 average MW of 1421 was reacted with BASF 
Luparnate T80-1 (80:20 2,4- and 2,6-toluenediisocyanate) (23-39%) 
to obtain a NCO-terminated hydrophilic prepolymer having a free 
NCO content of 3.1%. : 

Example 7: A tri-functional polyether polyol Veranol CP 1421 
average MW of 1421 was reacted with (commercially available) 
BASF Luparnate T80-1 (80:20 2,4- and 2,6-toluenediisocyanate) (23- 
39%) to obtain a NCO-terminated hydrophilic prepolymer having a 
free NCO content of 3.1%. 



The invention thus comprises a biocompatible tissue-bonding 
I* adhesive composition comprising: a polyol of functionality N, wherein 
the polyol being terminated with at least one polyisocyanate in 
solution with at least (N-1)% of said solution comprising free 
polyisocyanate. N may be in the range 1.5 - 8. The polyol may be a 
branched polypropylene/polyethylene oxide copolymer. The polypro- 
pylene/polyethylene oxide copolymer contains polypropylene oxide in 
a range of about 10% and 30%. The polypropylene/polyethylene 
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oxide copolymer may contain no more than 10% polypropylene oxide. 
The polyisocyanate may be comprised of a 80:20 mixture of 2,4- 
toluene diisocyanate and 2,6-toluene diisocyanate. The 
polyisocyanate may consist of 2,6-toluene diisocyanate only. The 

polyisocyanate may consist of isophorone diisocyanate. The 

polyisocyanate may consist of an 80:20 mixture of 2,4- toluene 
diisocyanate and 2,6-toluene diisocyanate and 3% of the composition 
is free polyisocyanate. The polyisocyanate may consist of isophorone 

X 

2 diisocyanate and about 1.5% of the composition consists of free 

C3 polyisocyanate. The composition may be comprised of two 

k! 

[J polyisocyanates and wherein one of the polyisocyanates comprises 

M< a free isocyanate B as an aromatic polyisocyanate and the other of 

% y 

jf| the polyisocyanates comprises an aliphatic isocyanate A which is 
!* used to endcap said copolymer. The free isocyanate B may convert 

to an amine faster than the isocyanate A. The free isocyanate B may 

be more reactive with nitrogenous substances than the isocyanate A. 

The free isocyanate B may be of lower viscosity than the isocyanate 

A. 

The invention may also comprise .a biocompatible adhesive 
composition comprising of at least two branched polyols of 
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functionality 1.5-8, the polyols being terminated with at least one 
polyisocyanate in solution with at least 1% of said solution comprising 
free polyisocyanate. At least one of the polyols may be a branched 
polypropylene/polyethylene oxide copolymer. One of the branched 

polyols may consist of a copolymer of less than 10% polypropylene 

oxide and another of the branched polyols may comprise a copolymer 
consisting of between 10 and 30% polypropylene oxide, both of the 
copolymers of functionality 1.5-8, the copolymers being terminated 

i » 
f ~~ 

o with at least one polyisocyanate in solution with at least 1% of the 

o 

Jr \ ft 

q solution comprising free polyisocyanate. One of the polyol 
W copolymers may consist of 5% polypropylene oxide and the other of 

5 

\a the polyol copolymers may consist of 25% polypropylene oxide. The 
[* copolymer having a lesser functionality may comprise at least 25% by 

B 15? 

o 

H molecular number of the total copolymer component. One of the 
copolymers may have functionality less than the other of the 
copolymers. One of the copolymers may have functionality 2 and 
the other of the copolymers have functionality 3. The copolymer of 
lesser functionality may be less than 25% by molecular number of the 
total copolymer component. One polyol may be terminated with a 
polyisocyanate with water reactivity R1 and another polyol is 
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terminated with a polyisocyanate with water reactivity R2, where 
R1>R2, both of the terminated polyols of functionality 1.5-8, the 
terminated polyols being in solution with at least 1% of the solution 
comprising free polyisocyanate of reactivity R1. One of the polyols 

may be terminated with an aromatic polyisocyanate and another of 

the polyols may be terminated with an aliphatic polyisocyanate, both 
of the polyols of functionality 1.5-8, the terminated polymers in 
solution with at least 1% of the solution comprising free 

g polyisocyanate. The free polyisocyanate may be aromatic. The free 

% asP 

HI 

□ polyisocyanate may be comprised of toluene diisocyanate. The free 

iu 

polyisocyanate may consist of isomer 2,6-toluene diisocyanate. The 

& 

\* composition may eliminate amines during polymerization induced by 

ru 

water or proteins where the less reactive isocyanate capped polyol is 

3 

H= present in stoichiometric amounts. The isocyanate used to cap said 
polyol may be comprised of isophorone diisocyanate. The polyol may 
be 75% polyethylene oxide and 25% polypropylene oxide. 

The invention also comprises a method for covalent bonding of 
tissue, which comprises: applying to the tissue a 1-part surgical 
adhesive consisting essentially of at least one NCO-terminated 
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branched polymer, derived from at least one organic polyisocyanate 
and at least 1% unreacted polyisocyanate wherein the polymerization 
proceeds by the following time-ordered steps: free polyisocyanate 
bonds to tissue, said free polyisocyanate converts to a polyamine and 

links the NCO-terminated branched polymer to the tissue bonded 

polyisocyanate; the free polyisocyanate converts to polyamine and 
links the branched polymer to the other same polymers. The polymer 
may comprise a poly-propylene/polyethylene copolymer. 

I* 

5 " =r 3 

£ 13? 

f m 

P ! 5 

Q The invention may also comprise a method for covalent bonding of 

it tissue, which comprises: applying to the tissue a 1-part surgical 

s 

I* adhesive consisting essentially of a NCO-terminated branched 

ru 

[* polymer, derived from an organic polyisocyanate A and at least 1% 

O 

1* unreacted polyisocyanate B wherein polyisocyanate B is more 
reactive with amine groups than polyisocyanate A and wherein the 
polymerization proceeds by the following time-ordered steps: the 
polyisocyanate B bonds to tissue, the free polyisocyanate B converts 
to a polyamine and links said polyisocyanate A-terminated branched 
polymer to the tissue bonded polyisocyanate B, the free 
polyisocyanate B converts to polyamine and links the branched 
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polymer to the other same polymers. The polymer may comprise a 
polypro-pylene/polyethylene copolymer. 



The invention may also comprise a method for covalent bonding of 

tissue, which comprises: applying thereto a 1-part surgical adhesive 

consisting essentially of a NCO-terminated branched polymer, 
derived from an aromatic polyisocyanate A and at least 1% unreacted 
polyisocyanate A and a NCO-terminated branched polymer, derived 

I* 

(3 from an aliphatic polyisocyanate B, wherein the polymerization 

i j 
ry 

q proceeds by the following time-ordered steps: the polyisocyanate A 

W 

W bonds to tissue, the free polyisocyanate A converts to a polyamine 
\a and links the polyisocyanate A-terminated branched polymer to the 

ru 

tissue bonded polyisocyanate A, the free polyisocyanate A converts 

sU 
Q 

I* to polyamine and links the polyisocyanate A terminated branched 
polymers to the other polyisocyanate A terminated branched 
polymers, the free polyisocyanate A converts to polyamine and links 
to polyisocyanate B terminated branched polymers. The method may 
include converting the free polyisocyanate A to polyamine; and linking 
polyisocyanate B terminated branch polymers to other NCO 



31 




terminated branched polymers. The polymer may be a copolymer of 
polyethylene oxide and polypropylene oxide. 



The invention may also include a method for covalent bonding of 

tissue, which comprises: applying thereto a 1-part surgical adhesive 

consisting of two NCO-terminated branched polypropylene/poly- 
ethylene oxide copolymers, wherein copolymer A is at most 10% 
polypropylene oxide and copolymer B is between 10% and 30% 
y polypropylene oxide, derived from an organic polyisocyanate and at 
Q least 1% unreacted polyisocyanate wherein the polymerization 
[]'" proceeds by the following time-ordered steps: the free polyisocyanate 
I* bonds to tissue, the free polyisocyanate converts to a polyamine and 

Is s 

U 

m links both polypropylene/polyethylene oxide copolymers to the tissue 
M= bonded polyisocyanate, the free polyisocyanate converts to 
polyamine and links the branched polypro-pylene/polyethylene oxide 
copolymers to the other same polymers, and polymerized copolymer 
A swells within the formed polymer matrix and causes degradation of 
the formed matrix. 
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The invention may also comprise a method for covalent bonding of 
tissue, which comprises: applying thereto a 1-part surgical adhesive 
consisting of two NCO-terminated branched polypropylene/poly- 
ethylene oxide copolymers, wherein copolymer A is at most 10% 
polypropylene oxide and copolymer B is between 10% and 30% 
polypropylene oxide, wherein copolymer A is substantially more 
viscous than copolymer B, derived from an organic polyisocyanate 
and at least 1% unreacted polyisocyanate wherein the polymerization 
proceeds by the following time-ordered steps: the free polyisocyanate 
bonds to tissue, the free polyisocyanate converts to a polyamine and 
links copolymer B preferentially to the tissue bonded polyisocyanate, 



■S EST 

w 

I 

H= the free polyisocyanate converts to polyamine and links the branched 



|* polypropylene/polyethylene oxide copolymers to the other same 

O 

I* polymers, the polymerized copolymer A swells within the formed 
polymer matrix and causes degradation of the formed matrix, and 
polymerized copolymer B does not swell at the tissue/matrix interface 
and does not cause tissue bond degradation. 
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